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LONG  TERM  GOALS 

The  title  of  this  project  reflects  works  completed  under  the  NPAL  program  where  long 
range  signals  were  received  by  the  NPAL  billboard  array  off  the  coast  of  California.  This 
effort  transitioned  to  the  BASSEX  (Basin  Acoustic  Seabed  Scattering  Experiment)  which 
was  conducted  jointly  with  Scripps  Inst,  of  Oceanography  and  the  Univ.  of  Washington 
as  part  of  the  SPICEX/  LOAPEX/BASSEX  experiments.  Last  year’s  annual  report 
discussed  results  already  achieved  during  BASSEX.  This  last  year  we  executed  the 
engineering  test  phase  of  PhilSeaEX  an  entirely  different  type  of  experiment. 

Our  long  term  goals  of  the  PhilSeaEx  experiment  are  to  study  the  forward  scattering  the 
base  of  the  water  column  between  the  seafloor  and  immediately  above  the  critical  depth. 
This  is  often  called  the  RAP  path  and  one  of  receivers  is  a  so  called  RAP  VLA.  The 
other  receiver  is  at  the  surface  to  measure  RAP  path  properties  for  a  source  near  the 
surface  and  a  receiver  at  depth  using  reciprocity.  For  this  we  used  the  following  sources: 
J15  on  loan  to  SIO,  the  MP200  and  ATOC  low  frequency  acoustic  sources  from  the 
Univ.  of  Washington,  and  the  SIO  Pentagon  sources  mounted  axially.  For  receivers  we 
used  the  ONR  FORA  (Five  Octave  Research  Array)  and  30  elements  of  future  water 
column  spanning  array  of  SIO  distributed  around  the  bottom  critical  depth.  At  the  75  and 
250  Hz  center  frequencies  of  the  signals  transmitted  this  array  has  an  aperture  of  9.6  and 
32  wavelengths  respectively. 


OBJECTIVES 

Our  long  range  objectives  focus  on  generating  acoustic  models  appropriate  for  array 
signal  processing.  We  long  ago  postulated  a  chain  of  uncertainty  for  the  formulation  of 
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algorithms  needed  for  this  processing.  Here  we  argue  the  following:  environmental 
uncertainty  leads  to  acoustic  uncertainty  then  to  signal  processing  uncertainty  and  finally 
to  command  uncertainty  based  on  the  output  of  the  displays.  We  note  that  BASSEX 
examined  the  propagation  several  convergence  zones  beyond  the  seamounts  as  well  as 
coherent  pulses  instead  of  explosives.  The  long  range  recordings  demonstrated  how 
convergence  zones  reestablish  and  one  can  receive  signals  in  back  of  the  seamount  while 
the  coherent  signals  pennit  precise  measures  of  travel  time.  Unfortunately,  the  FORA 
array  could  not  be  towed  below  300  m,  so  we  could  not  study  the  ray  path  structure  at 
depth. 

The  objective  of  the  Philippine  Sea  experiment  is  to  measure  the  acoustic  field  with  a 
thirty  element  array  for  2008  and  100  element  water  column  spanning  for  2009  built  by 
Scripps.  The  2008  array  spans  the  bottom  critical  depth  with  one  half  of  the  hydrophones 
densely  spaced  below  this  depths  and  the  other  half  with  larger  spacing  above  it.  This 
will  be  augmented  with  the  FOR  A  towed  array  which  will  be  towed  near  the  surface  so 
simultaneous  bottom  and  surface  measurements  are  obtained.  The  objectives  are 

i)  Measure  the  multipath  structure  as  signals  turn  at  the  critical  depth; 

ii)  Determine  the  scattering  function  of  beamfonned  signals  with  these  data; 

iii)  Measure  the  ambient  noise  near  the  critical  depth  to  detennine  the  nature  of 
the  field  during  its  transition  from  ducted  propagation  from  long  range 
shipping  to  near  vertical  energy  below  it. 

The  environment  near  the  ocean  bottom  in  the  part  of  the  Pacific  for  the  experiment  has  a 
quiet  region  where  the  noise  is  lower  than  it  is  above  the  critical  depth  (Several 
measurements  on  board  by  David  Barclay  of  SIO  supported  this)  .  The  geoacoustics  has 
about  50  meters  of  sediment  before  encountering  the  oceanic  basalt.  Both  the  sediment 
and  basalt  have  gradients  which  will  act  as  an  acoustic  prism  refracting  signals  according 
to  their  spatial  frequency.  (This  phenomenon  are  often  seen  in  exploration  seismics.) 
Resolving  this  multipath  will  be  a  key  objective  for  the  data  analysis  where  we  use  all 
combinations  of  source/receiver  geometries. 

APPROACH 

The  approach  for  the  Philippine  Sea  experiment  is  formulated  in  the  experiment  plans. 
They  emphasize  transmissions  with  an  augmented  J- 1 5  on  radial  paths  to  the  D VLA  and 
the  FORA  array.  These  are  designed  to  emphasize  the  transmissions  at  Vi  convergence 
zone  offsets  and  less  to  measure  signals  within  the  RAP  teacup.  In  addition,  one  wants  to 
measure  the  behavior  as  one  transits  the  RAP  “teacup”  and  several  adjacent  ones. 

One  can  see  this  in  the  track  plan  for  the  receiver  ship  RV Kilo  Moana  relative  to  the  J- 
15  as  well  as  the  MP200  on  the  RJV  Melville.  We  see  two  hexagonal  tracks  which  are  at 
a  radius  where  they  transit  the  convergence  zone.  One  does  not  want  to  run  an  end  on 
transit  as  this  puts  the  ship  noise  in  the  same  beam  as  the  desired  signal,  so  slanted 
crossing  were  used.  These  gave  excellent  data  as  the  RAP  boundaries  were  crossed. 
Next,  we  ran  a  zig-zag  straight  lines  from  two  CZ  out  with  the  two  ship  closing  and  then 
opening  on  each  other.  Again  the  zig-zag  is  to  put  the  the  ship  noise  in  a  beam  outside  of 
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the  desiered  reception  beams.  Finally,  we  were  running  a  CTD  line  when  an  incipient 
tropical  depression  cut  the  cruise  short. 


Figure  1:  Track  Plan  for  the  R/V  Kilo  Moana  during  the  PhilSeaEX  experiment 
(relative  positions).  Note  the  hexagonals  tracks  at  approximately  Vi  CZ  anf  then  the 
zig-zag  closing  tracks  running  between  the  SIO  source  and  SIO  DVLA.  Also  note 
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the  high  ridge  at  approximately  50km  N,  110km  E  which  impacted  receptions  for 
paths  crossing  it. 


WORK  COMPLETED 

Two  theses  on  the  BASSEX  data  were  completed  by  Joesph  Sikora  and  Hyun  “Joe”  Kim. 
These  concern  reconciling  the  BASSEX  seamount  data  and  theoretical  3D  wave  models 
with  particular  attention  to  horizontal  refraction.  They  are  liste  in  the  publications 
section. 

The  primary  work  completed  was  the  planning  and  execution  of  PhilSeaEx  cruise  as 
described  in  the  previous  section.  This  require  several  planning  meeting  plus  the  actual 
time  at  sea. 


RESULTS 

We  found  that  the  FORA  array  still  had  glitches  in  the  data  recording,  so  much  of  our 
time  has  been  spent  eliminating  these  artifacts.  We  do  present  some  initial  results 
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Figure  2a, b:  FORA  array  beam  output  for  a  J-15  multitonal  transmission  and  its 
FRAZ  (Frequency  -  Azimuth)  display  covering  all  beams.  Note  the  large  300  Hz 
wideband  signal  in  the  direction  of  the  J-15  source  at  65  degrees.Also  note  the 
presence  of  several  discrete  tonals  only  in  this  beamformed. 
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Figure  3:  Matched  filtered  output  of  the  T1000  source  over  a  sequence  of 
transmissions.  The  returns  have  been  Doppler  (or  time  aligned)  by  first  motion  and 
corrected  by  -3.375  Hz,  or  approximately  4.5  kts.  Roughly,  6  km  were  covered  by 
the  R  V  Kilo  Moana  during  this  interval.  The  first  arrival  is  a  direct  with  two  range 
dependent  multipaths  while  the  second  is  deeper  diving  signal  again  with  two  paths. 
There  is  also  evidence  of  a  side  echo  at  approximately  56  km  which  may  be  from  the 
nearby  seamount.  (See  Fig  1) 

IMPACT 
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The  Philippine  Sea  Experiment  will  couple  very  well  to  ongoing  work  for  RAP  VLA’s 
now  being  developed  by  the  Navy  under  N874  sponsorship.  The  most  important  part 
will  concern  tha  analysis  of  the  bottom  interaction  near  the  base  of  the  DVLA  and  the 
convergence  zone  crossing  indicated  by  tracks  in  Fig.  1. 
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